Covalent reactivity of phosphonate monophenyl esters with serine proteinases: an overlooked feature of presumed transition state analogs.
Phosphonate monoesters have been assumed to serve as noncovalent transition state analogs for enzymes capable of catalyzing transacylation reactions. Here, we present evidence for the covalent reaction of certain serine proteinases and peptidase antibody fragments with monophenyl amino(4-amidinophenyl)methanephosphonate derivatives. Stable adducts of the N-biotinylated monophenyl ester with trypsin and antibody fragments were evident under conditions that disrupt noncovalent interactions. The reaction was inhibited by the active-site-directed reagent diisopropyl fluorophosphate. Mass spectrometry of the fragments from monoester-labeled trypsin indicated phosphonylation of the active site. Irreversible inhibition of trypsin- and thrombin-catalyzed hydrolysis of model substrates was observed. Kinetic analysis of inactivation of trypsin by the N-benzyloxycarbonylated monoester suggested that the first-order rate constant for formation of covalent monoester adducts is comparable to that of the diester adducts (0.47 vs 2.0 min(-1)). These observations suggest that the covalent reactivity of phosphonate monoesters contributes to their interactions with serine proteinases, including certain proteolytic antibodies.